Background: Conservation of useful plants can be maintained and enhanced once the nature of a cultural landscape and knowledge and principles of resource utilization are understood. We studied the factors influencing indigenous knowledge of medicinal plant collection and utilization in the lower Kailash Sacred Landscape, Nepal.
Introduction
The holy mountain Kailash in the Western Himalaya represents the ultimate destination for millions of pilgrims of five religions -Hindu, Bouddha, Zain, Sikh and Bon (Zomer et al. 2013) . The Kailash Sacred Landscape (KSL) is a collaborative transboundary and tri-national sacred landscape of Nepal, India and China to conserve ecosystem, biodiversity and culture of the region. Snow-capped areas and lakes of the landscape are valued as sacred sites and the alpine meadows, pastures and forests are treasured for transhumance, livestock grazing and collecting of high value medicinal plants like Himalayan caterpillar fungus -Ophiocordyceps sinensis (Berk.) G.H.Sung, Himalayan yew -Taxus contorta Griff., Love apple -Paris polyphylla Sm., etc. It is likely that those human communities that inhabit high altitude arid Himalayas use a large number of plant species (Salick et al. 1999 ). Many of the plants are collected and used for culture, livelihood and primary health care under the theoretical and practical traditional knowledge, mores and beliefs of surrounding health, illness and sociocultural values, and because of limited accessibility (Manzardo 1977 , Kunwar et al. 2015 . There are three distinct physiographical regions in Nepal: lowland Tarai (< 700 m asl), hill (700-3,000 m asl) and mountain (3,000-8,848 m asl) (IUCN 2000) . A steady pattern of migration from mountains and hills to the fertile Tarai is common. The shift was pronounced earlier (Goldstein et al. 1983 ). The tribal culture, language speaking and facial features of people of hills of Nepal provide the strong evidences of migration and human civilization from the north (Hagen 1961 , Kawakita 1969 . The migration from the north was meant to search of the best land for cultivation and grazing (Kawakita 1969) . The migration routes via Urai, Bajhang; Lipulekh, Darchula and Hilsa-Taklakot, Humla (Shrestha 2001) are still popular today (Pandey 1989 , Kunwar et al. 2018 . The long history of a community's contact with nature translates into a tradition that integrates a high number of indigenous plants used for local livelihood (Prance 1972; Dalle & Potvin 2004) . In addition, higher use values of plants were attributed to the cultural prominence of the species or to the long recognition of the particular species and its uses. Higher use values of plants also relate to their higher abundance in a given area and thus are more likely to be collected than the rarely encountered plants (Giday et al. 2003) . Thus, we can assert that the factors associated with the usefulness of a plant species are sociocultural traditions and belief, ecological availability, and the geo-ecological complexities. The identification, collection and use of plants vary on cross-cultural scales such as gender, age, ethnicity, occupation, population density, urbanization, migration, and labor mobility (Quinlan & Quinlan 2007) . However, the indigenous systems of collection and use are affected by ecological and socio-cultural alterations (Saslis-Lagaudakis et al. 2014) , and associated knowledge is often transformed (Winter & McClatchey 2008) . Conservation of useful plants can be maintained and enhanced once complexities of a cultural landscape and knowledge, and principles of resource utilization are understood. While there have been efforts to document plant use in the KSL, the relevance of factors affecting such use is virtually unknown. In this study, we analyzed the importance of socio-culture, geography and plant availability (ecology) on collection and use of plants in the KSL, Nepal, to elucidate the better understanding of culture and conservation interactions. We hypothesized that plant collection and use is not random, and it is associated with the availability of plants, socio-cultural traditions and accessibility of sites.
Materials and methods

Study area
This study was carried out in the Baitadi, Dadeldhura and Darchula districts (29º 01' N to 30º 15' N / 80º 15' E to 81º 09' E) of far western Nepal (Figure 1) . Much of the study area consists of steep, semi-arid and rugged terrain, and only 7-21% are arable, resulting in limited access, food deficiency, and prevalent poverty often forcing people to either rely on local resources for subsistence, or to out-migrate (Kunwar et al. 2016) . The Darchula district is the remote and least socio-culturally transformed area, originally known for growing Amaranth (Manzardo et al. 1976 , Joshi 1981 , and is a part of the relict hemp culture (Clarke 2007) . A few remote villages of Dadeldhura district are occupied by the forestdwelling Raute tribe, members of which live in and travel between the Siwalik hills in the south and mountainous highlands in the north, maintaining their livelihood by nomadic hunting and plant foraging (Fortier 2009 ). More than two thirds of the population rely on indigenous livelihood strategies such as animal husbandry, transhumance, seasonal crop production and collection, and the use and trade of medicinal plants (Manzardo 1977) . The major castes of study area are Chhetri (>50%), Brahmin (20%), Thakuri (7%), Kami (10%) and Sarki (8%) (GoN 2014). Chhetri, Brahmin and Thakuri are relatively privileged groups with the highest well-being index (GoN 2014) . Even though the Sarki and Kami (called as Dalit) are receiving reserved access and opportunities provided by the Nepal Government, they are still disadvantaged due to the socio-cultural and class system (Cameron 1998). (Sharma 1997) . The entirety of Kumaon Garhwal to Bairath (Baitadi), Doti, designated as the Katyuri kingdom under Nepal administration (Kumar 1967) , was disintegrated in around 13 th century and the Doti became the administrative center of far western Nepal and Kumaun Garhwal of India (Katoch 2010) . Before the Anglo-Nepalese war (Gurkha War) of 1814-16, the corpus of feudal rites was considered a unifying aspect of culture of the area (Oakley & Gairola 1977) .
Data collection
A 25-day field visit was made between December 2015 and January 2016 after establishing prior informed consent with the participants. Nine villages Bhadrapur, Chipur and Bagarkot of Dadeldhura, Gajari, Siddapur and Siddeswor of Baitadi, and Dethala, Bohorigaun and Gokuleswor of Darchula district were selected from 106 villages of three districts based on the consultations with district and local forest offices. A total of 62 respondents aged ≥ 60 years, including 42 plant collectors and 20 traditional healers of the subject villages were consulted for this survey following snow-ball sampling and based on village references. Once a traditional healer/plant collector was identified, snowball sampling helped locate and identify peer respondents. Participants > 60 years were considered as knowledgeable (Mahwasane & Boaduo 2013 ) and selected for this study. A total of 46 aged between 64 and 96 years, including 20 traditional healers, agreed to participate and took part in interview. They mentioned a total of 515 use-reports from 170 (150 indigenous and 20 non-indigenous) useful plant species. Of 170 species, only 63 had ≥ 3 mentions each, resulting in 362 mentions. To avoid bias in the statistical analyses the data we used were limited to plant species with at least 3 mentions each, and respondents who contributed at least 3 citations of plant uses. Therefore, a data subset of 235 citations (160 medicinal and 75 non-medicinal) from 44 useful plants (42 indigenous and 2 non-indigenous) recorded from 30 active sample respondents (six women healers, 14 men healers and 10 men elders), was selected for further analyses (Supplementary file 1).
Conversations with healers and elders were based on a common objective: to increase knowledge regarding natural remedies and develop educational materials of local interest, as suggested in the guidelines of the International Society of Ethnobiology Code of Ethics (ISE 2008) . Most of the plants mentioned in the interviews were collected in participatory walks and spot identified using vernacular names and ethnotaxonomic information and verified using secondary literature (Polunin and Stainton 1984) . Plant vouchers and identifications were further confirmed and deposited at National Herbarium and Plant Laboratories (KATH), Nepal in 2016.
Data analysis
Species use-curve was used to assess whether the sampling intensity is adequate. The use-value, which is based on the number of uses and the number of people that cite a given plant, has been considered important within the ethnobotanical community. The use-value (UV) index adapted by Albuquerque et al. (2007) was used to calculate citation of plants during interviews as:
UVc = ∑U / ns
where U is the sum of the total number of use citations by all informants for a given species, divided by the total number of informants (ns). The sampling effort was tested by a Jackknife 1st order richness estimator 100 permutation species-use curve performed in R. Species-use curve was drawn from the cumulative number of species mentioned as being used versus the number of informants interviewed (Kristensen & Baslev 2003) .
The Relative Importance Index (RI), indicative of the level of diversity of applications, was computed for each reported useful plants by using the formula based on (Bennett & Prance 2000):
RI = NP + NCS
where NP is obtained by dividing the number of properties (reported to be useful for specific uses) attributed to a species divided by the total number of properties attributed to the most versatile species (species with the highest number of properties). NCS is the number of individual uses treated by a given species divided by the total number of body systems (category of uses) treated by the most versatile species.
The Factor of Informant consensus (Fic) has been determined to identify the most potential medicinal plant species used in study area:
where Nur is the number of mentions from informants for a particular ailment category, Nt is the number of taxa that are used for the ailment category. Fic value ranges between 0-1, where a high value indicates the greater informant consensus and a lower value signifies disagreement among the informants. Each use was classified according to its level of species redundancy: highly redundant (≥ 15% species employed to use that particular type), redundant (15% < number of species ≥ 5%), and not very redundant (number of species < 5%) following Albuquerque & Oliveira (2007) . Five categorical variables (gender, age group, ethnicity, experience and district) were used to assess the indigenous knowledge of local people by using t-test and oneway analysis of variance (ANOVA) at 95% confidence level between means.
Results
Useful plants and informant consensus
Our results show that three study districts Baitadi, Dadeldhura and Darchula are rich in useful plant species and a wealth of traditional knowledge. Among the 44 (43 plants and 1 product), 15 were trees, 13 shrubs, 12 herbs and 4 others (climbers, epiphytes, rock exudate). They represented 33 families, of which Meliaceae and Fabaceae were the dominant families, each contributing 3 species. The average citation for each respondent was 7.8. The mentions were categorized into 27 uses (17 medicinal and 10 non-medicinal). The medicinal uses were categorized into 11 disease categories following Phillips & Gentry (1993) . Non-medicinal uses were grouped into 7 categories (Table 1) . Eight different species were used for cough and cold followed by four for muscle and joint pain. Respiratory system disorders (cough and cold) were treated folkloric by using the greatest number of redundant species (8), followed by the utilization of seven species for treatment of musculo-skeleton system disorders (joint pain, fracture, and sprain) and five species for infection (cuts and wounds) as well as for fever. Digestive, ophthalmic and nervous system disorders were treated by three species each (Table 1) . 
Species-use curve
The species-use curve approached an asymptote as the number of interviews increased. This indicated that further sampling of respondents would not yield new species. No further species were added after the 24 th interview (p = < 0.05) (Figure 2 ). The curve was an asymptote from the 17 th respondent if we considered only healers as respondents. Conversely, the curve did not level off for elder respondents, thus a greater number of elder participants were required in order to attain the sampling asymptote.
Use-Value and Relative Importance
The use-value was highest (0.66) for Agave cantula Roxb. for fishing, Euphorbia royleana Boiss. milk for its topical use in joint pain and eye trouble (0.46), rhizome of Bergenia ciliata Sternb. for stomachache (0.33), Ageratina adenophora (Spreng.) R. M. King & H. Rob.) for bleeding control and cuts and wounds (0.3), milk of Ficus palmata Forssk. as thorn remover (0.3). The relative importance index (RI), indicative of the level of diversity of applications, was computed for each reported useful plant. The plants Agave cantula (0.098), Euphorbia royleana (0.081), Bergenia ciliata (0.076), Scurrula elata (Edgew.) Danser (0.070) and Myrica esculenta (0.68) were useful for two or more purposes. Three species Agave cantula, Euphorbia royleana, and Bergenia ciliata were found as most useful in both indices. Out of 10 important useful plants, two species Agava cantula and Ageratina adenophora were nonindigenous. Relative importance value was higher for herbs however there was no statistical difference among the life form variables (p = 0.46). The average use value of physically apparent plants (trees and shrubs) 0.17 was comparable to that of herbs (0.19) (Figure 3) . 
Discussion
Our findings are consistent with those of Singh et al. (2012) and Rashid et al. (2015) , who recognized that trees were among the most significant plant forms for ethnomedicine in the Himalaya. Trees persist throughout the year and serve as constant source for folk medicine (Voeks 2004) . Trees, woody and perennial plants are apparent and most important medicinal resources in the Brazilian semiarid region (Almeida et al. 2005) , and they produce high secondary metabolites while defending themselves from consumers (Albuquerque & Lucena 2005) . The importance of trees of Meliaceae and Fabaceae as ethnobotanical was also cited by Fasola (2015) and Noel et al. (2016) . Meliaceae is said to accumulate bitter and biologically active nortriterpenoids (limonoids and meliacins), showing antifungal (Engelmeier et al. 2000) and antibacterial effects (Aboutable et al. 2000) . Azadirachta indica A. Zucc. (Meliaceae) folkloric for skin disease is accorded to the discussion.
The average use value of apparent plants: trees and shrubs ranged between 0.17±0.12 was comparable to use values of herbs (0.19±0.06) (p = 0.295) (Figure 3 ). According to Phillips & Gentry (1993) , apparent plants are expected to feature more strongly in local botanical knowledge, i.e. the largest, most dominant, and most frequent plants should have the highest use values, not because they are necessarily and intrinsically more useful, but simply because they are available, distinct or visible to human communities (Thomas et al. 2009 ). However, we found that the most apparent trees did not associate with higher use values, which is similar to that observed by Cunha & Albuquerque (2006) . This was attributed to the fact that plant use values sometimes correlate with the issues of plant conservation. The most important species are often suffered from the greatest harvesting pressure (Albuquerque et al. 2007 ). Herbs (non-apparent plants) on the other hand invest in qualitative defenses, employing extremely active compounds occurring at low concentrations (Albuquerque & Lucena 2005) . Relative importance value was higher for herbs (p = 0.46). High RI value could partly be a reflection of abundance as medicinal plants that are found in plenty in a given area are more likely to be favored for collection than those that are encountered rarely. High versatility of medicinal plants could also indicate a higher diversity of active compounds contained in the species. Weeds are now amply represented in folk medicines because they are growing abundantly at ruderal and secondary habitats, are easy to harvest, and are frequently rich in bioactive compounds (Stepp & Moerman, 2001 ). We consistently observed that people preferred to collect plants that were easily harvested nearby. It was found that such plant collecting gave less consideration to quality (Harlan 1992 ) and more importance to subsistence, time, accessibility and familiarity. Our data evidenced that, even when plant apparency and availability (i.e. the environment) are always important, the geography and cultural environment (accessibility, familiarity, important for livelihood and the least time consumption for extraction) have the strong influence on the use of medicinal and edible plants in rural communities. Weckerle et al. (2006) and Saslis-Lagaudakis et al. (2014) found that geography and culture seem to have greater influence on plant uses in mountainous areas.
Status of knowledge
The significant difference (p < 0.05) on average number of plants reported by healer and elders showed that the indigenous knowledge is, like in many places, concentrated in healers (11.4±4.19). Other studies show the significant difference between agegroups on knowledge of useful plants (Estomba et al. 2006) but that knowledge of number of medicinal plants found in the present study was homogenous and statistically insignificant, consistent to Ladio & Lozada (2004) . This could be attributed to the (nonrandom) selective sample size (> 60 years) and unwillingness to share information by elderly people. The secrecy of medicinal plant knowledge is a common practice in different parts of the world (Kala 2006) . The age group 65-75 held a greater range of knowledge (Figure 4) , which is consistent with the findings of Mahwasane & Boaduo (2013) . The species-use curve for both (healers and elders) respondents approached an asymptote from the 25 th candidate and indicated that further sampling of respondents would not yield the new information of useful species. This is consistent with the underlying hypothesis that a limited number of species were used, and that the most salient species can be elicited after a limited number of in-depth interviews. As sampling effort increases, more elders were encountered, and more species are likely to be recorded. Thus, if we consider elders as sample respondents for ethnobotanical studies, a greater number of sampling is required in order to find the statistically significant values (Heck et al. 1975) . The greater knowledge of older people on plants is the result of high degree of opportunity for more cultural contact and experience with plants and associated therapeutic uses than that of younger people (Joshi et al. 2015) . A continuous outmigration for menial work in India (Poertner et al. 2011 ) and a greater percentage of absentee population 7.51% than the national average 7.23% clearly drove a decline in the number of healers and indigenous knowledge in the studied district. Outmigration to urban areas and low lands results in abandonment of rural hilly areas jeopardizing the sustainable land use system. Decreasing knowledge of indigenous species aids incentives to non-indigenous resources introduction. The land tenure system though instrumental in past in making a strong bond between landholders and labors/tenants following caste lines, culture and landuse management regimes is obsolete at present in the changed population, land availability, and sociocultural traditions. This change has disenfranchised the lower/disadvantaged groups who have less land-holding and led them to work offfarm and non-indigenous businesses.
Collection and conservation
Thanks to the difficult access, much traditional knowledge of useful plant species is still thriving with the indigenous people at high altitude areas like Darchula (14.12±5.02). Our results are consistent with the finding of Byg et al. (2010) , reporting that people at higher elevation villages have known and used more medicinal plants than people in lower villages. Distant and undisturbed areas were often cited by traditional healers as refuges for quality products. Similar reports were found in adjoining areas of India (Garbyal et al. 2005 , Malik et al. 2015 and other parts of the world (Adnan & Holscher 2011) where a higher number of indigenous species with medicinal usage are being used at remote and higher altitudes. The important motivation for foraging at distant wild forests is to obtain high quality products as Schunko et al. (2015) described. However, many plant species and populations and habitats that have long been considered to be wild are actually carefully nurtured by people, albeit less intensively. Thus, the forests and landscapes of Kailash can be considered as social space and human cultural artifacts.
A large number of trees extracted for ethnomedicine from distant areas were found to correlate with men participants. Women knew more about local plants growing in nearby areas and forests to home (Coe & Anderson 1996) . However, we did not see any relationship of higher extraction of weedy and annual herbs from nearby areas by women. Women were found to report more useful plants on average (10.33±4.36) than men (8.58±5.15) even though the difference was not statistically significant (p = 0.45). The knowledge of medicinal plants also revealed the similar trend (women 7.66±2.65; men 5.33±3.65, p = 0.15). Generally, gender based differences in medicinal plant knowledge can be derived from experience and degree of cultural contact with plants.
The acceptance of non-indigenous resources like weeds in ruderal areas following the tenet of availability and familiarity refutes the cultural values and indifference to therapeutic potentialities of plants. Species introduction for specific purpose, first by indigenous and later by diaspora communities, could be a potent cause of transformation of indigenous systems. The institutionalization of nonindigenous resources to indigenous systems becomes germane once the resources are used cautiously and as compliments to indigenous medicine, and the whole process is considered as a part of adaptation (Scott 2008) . Ladio & Lozada (2004) found a situation, in which a community extracted a higher percentage of food plants in the vicinity of residences. Rugged and less accessible areas are often a source of quality medicinal plant products (Kala 2006 , Kunwar et al. 2018 ).
When classifying 27 uses according to the level of species redundancy, it was found that 20 uses were not very redundant, six redundant and one (cough and cold) highly redundant. Similar observation of highly redundant therapeutic functions of species useful in cough was observed by Albuquerque & Oliveira (2007) . The high redundancy found, e.g. 35 mentions and eight species used only for cough and cold (respiratory body system), may result from the large number of bioactive compounds of those species that can treat that body system, as found by Medeiros & Albuquerque (2013) . The high use of medicinal plants to cure respiratory complaints could be attributed to the high preponderance of that ailment in the area. In other villages of study area, a high number of medicinal plants were found to cure stomachache (digestive disorder) (Kunwar et al. 2015) . According to the utilitarian redundancy model, higher numbers of redundant utilities will correlate with higher degrees of system flexibility and, consequently, of system resilience. Despite the high species richness of useful medicinal plants, a larger proportion of species did not share the same function, which indicates a high degree of specialization in plants used for treating local illnesses.
Conclusions
The average use value of apparent plants (trees and shrubs) 0.17±0.12 was comparable to that of herbs (0.19±0.06). It was found that 20 out of 27 uses were 'not very redundant'. Higher numbers of redundant utilities correlate with higher degrees of system flexibility and, consequently, of system resilience. However, the changes in socio-economy, culture, forest cover and land-use also press the population to use non-indigenous resources. This indicates the dynamism of indigenous resources and knowledge, leaves ground for institutionalization, and is considered as an asset of adaptation once the resources are used cautiously and as compliments. The distribution of the knowledge of useful plants is not uniform within a population, and that the patterns can be better understood when geographical, cultural, historical, and environmental factors are considered.
Declarations
Ethics approval and consent to participate Before conducting interviews, prior informed consent was obtained from all participants. No further ethics approval was required.
Consent for publication
This manuscript does not contain any individual person´s data and further consent for publication is not required.
Availability of data and materials
Additional file contains data. Other data contain the names of all participants and cannot be shared in this form.
Declaration of interests
The authors declare that they have no competing interests.
Funding
This study was partially supported by Rufford Small Grant Foundation (Grant 21198-2), UK and FAU Graduate Research Inquiry Program (003844-2015) . The funding body itself has no direct role in the design of the study, collection or analysis of the data and use of results.
Author contributions RK, SM, TA and AS designed the study; RK and KS conducted the fieldwork and data collection; DK and RB conducted the main statistical analysis; RK, SM and TA analyzed the data and wrote the manuscript; and all authors read, corrected and approved the manuscript.
